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Abstract
It is tough to achieve higher transmit speed and lower bit error rate (BER) for underwater image communication 
because of the complexity of the underwater acoustic channel. By researching on compression technology, 
orthogonal frequency division multiplexing (OFDM) technique, channel coding and interweave technology,
synchronous technology, real-time underwater image communication system is built. This system can reduce BER 
with the ability of resisting multi-path interference and can increase communication rate with the characteristic of 
parallel multi-carrier transmission. The experiments are performed in the channel pool with depth of 1 meter and the 
distance between transmitter and receiver is 15 meters. The experiment results show that the system carries out real-
time underwater image transmission. The image is clear, the effect is good.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICAE2011.
Keywords: underwater acoustic; OFDM; real-time; image communication*
1. Introduction
Underwater image communication is mainly in order to meet the underwater image information 
transmission and exchange. In the military aspects, build underwater image communication system, in 
order to solve the submarine, carrier and between submarine or other underwater unmanned combat 
platforms transmission for battlefield information, etc. In the civil aspects, the fishery resources 
monitoring and development, offshore drilling platform and the ship's emergency maintenance, 
underwater resources exploration, the ever-changing topography and earthquake image transmission, 
underwater archaeology in activities such as plays an important role.
Underwater image communication systems use camera image collection, send signal of the acquisition 
of the image shows at the same time. Collection of real-time compression JPEG2000 format for image, 
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reduce the transmission used for every frame of the image of information. In order to improve the anti-
interference ability, to the channel coded. The image compression coding get data block, the piece of 
processing, the signal through the sound card into analog signal output to power amplifier, the launch 
transducer to send. At the receiving end audio signal acquisition, detection, demodulation, the whole 
picture, channel decoding compressed image receive finished carries on source decoding.
2. Key technologies
2.1. Image compression technology
JPEG2000 compression technique core part is the image coding decoding system is based on 
EBCOT(Embedded Block Coding With Optimized Truncation) algorithm, using wavelet transform, the 
two layers of compression coding strategies, a hierarchical organization, not only get flow better 
compression efficiency, encoding and compression has great flexibility. Fig.1 is the process of JPEG2000 
coding. JPEG2000 is widely used in communication, image processing, information theory and multimedia 
territories.
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Figure.1 The process of JPEG2000 coding
Using C++ class library of image processing function CxImage to do image compression. CxImage not 
only has the image compression functions, but also has image processing and display function. Through 
SetJpegQuality (int Q) function control quality, the greater the compression Q value than the smaller 
image compression, the more clear, as shown in figure 2 shows.
Figure.2 Original image and compressed image contrast figure
2.2. OFDM technique
In an OFDM system, a high rate bit stream is divided into several low rate streams that are transmitted 
in parallel and simultaneously on different frequency, i.e. sub-carriers. 
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Figure.3 Block diagram of OFDM system
Fig.3 shows block diagram of OFDM system. By parallel transmission, the symbol duration is increased; 
therefore the relative amount of time dispersion, which is caused by multipath delay spread, is decreased. 
To avoid inter-symbol interference (ISI), a guard interval (GI) is inserted into OFDM symbols. The length 
of GI is chosen to exceed the channel delay spread. Meanwhile for avoiding the inter-channel interference 
(ICI), OFDM symbols in the guard interval are cyclically extended. The major sources of distortion for 
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underwater acoustic communication systems are multipath fading and ISI. OFDM has significant 
advantages with bandwidth efficiency, immunity against ISI and combating frequency selective fading.
Assume the transmitted signal in OFDM system is
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Where sk(t) is the transmitted signal for the k
th information symbol ak. 1/(N)
1/2 ensures symbol energy 
of unity. Δf=1/Ts (Ts is one OFDM symbol duration) to ensure orthogonality among carriers, and 
(2π/N)ki is the phase offset used to generate the spreading code for ak which ensures the orthogonality 
among the N information symbols. fc is the carrier frequency.
After transmitted over a frequency selective fading channel, the received signal at receiver side is
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where ai and φ i are the amplitude fade phase offset on the i
th carrier. n0(t) is the addictive white 
Gaussian noise (AWGN).
In figure 4 gives each sub-channel cover each other of spectrum, each sub-channel has been rectangle 
wave get the sinc function symbols spectrum. When the sub-carrier is very much, in the overall number of 
carrier wave spectrum will be very close to the rectangular spectrum. OFDM system against multipath 
interference has great potential.
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Figure.4 Sub-carrier of OFDM spectrum diagram
2.3. Channel coding and interweave technology
Because of the underwater acoustic channel time-varying, multipath and random decline serious 
influence on error is universal, the channel coding technology to detect and correct errors, in order to get 
higher reliability is very important.
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Figure.5 Contrast curve BER of different error correcting code
To the coding efficiency are 1/2 of the RS code (31, 15), convolution code (2,1,7), Turbo code (7, 5) 
and DVB-S2 (European terrestrial digital TV service) LDPC code as a channel coding scheme, in figure 5
give contrast curve error. Among them the intertexture of Turbo code deep for 400, the five iterations of 
the log-MAP algorithm, the biggest iteration times LDPC code set to 20, if within 20 times decoding 
success is end decode. Choose different coding parameters have been BER characteristics are different, in
actual acoustic communications need to consider, realize algorithm complexity degree of difficulty, 
concrete channel environment and communication requirements, and many other factors.
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When the error correction coding (ECC), interweave can limit the ECC will mistake the error 
correction ability range, so as to improve the performance of the ECC. Figure 6 gives interweave error 
curve, as can be seen from the graph, join interwoven with the whole system error performance increases 
of 2~4 dB, especially in high signal noise ratio (SNR), the system performance gets much improved.
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Figure.6 Interweave error curve
2.4. Synchronous technology
Multiple carrier compares with single carrier system, simultaneously has higher requirements. In
OFDM systems, OFDM signal is the symbol forms processing, symbol synchronization is sure OFDM 
symbol of frame starting position. Obviously, only confirm the OFDM symbol of frames starting position, 
can correctly delete Cyclic Prefix (CP), confirm OFDM symbol starting (i.e. FFT window) position, 
demodulate OFDM each sub-carrier in the information transmission.
In order to get the signal of the correct starting point, systems with local time synchronization 
algorithm, using relevant linear frequency modulation (LFM) signal as a simultaneous signal. LFM signal 
has very sharp related peak from figure 7, the detection performance is stronger.
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Figure.7 LFM signal correlation normalization curve
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Figure.8 Synchronous head to signal detection
In the receiver, in order to correctly the extraction of the need for effective data, synchronous detection, 
through the related calculation, find the LFM signal correlation peak, to gain OFDM symbol.
Synchronous detection to signal as shown in figure 8 shows, can accurate get OFDM symbol of the 
starting position. The extracted data processing, the LS channel estimation algorithm, QPSK 
demodulation, solution after the data from the interwoven constellation chart shown in figure 9. This can 
get the right to transfer the images under high SNR.
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Figure.9 Constellation map of data solution interweave
3. Experiment
A pool experiment is carried out in the channel pool of National Defense Science and Technology Key 
Laboratory of Underwater Acoustic Technology, Harbin Engineering University. The position of 
transducers is shown in Fig.10. In the channel pool experiment the QPSK modulation is applied and the 
distance is 15 meters. The transmitter and receiver sensors are both placed 1 meter deep underwater.
Figure.10 The position of transmitting and receiving transducers
In the experiments by two PC computers act as the sender and the receiver. The synchronous signal is 
LFM signal, the length of signal is 20 ms. Block pilot sequence consisting of PN sequence is inserted into 
OFDM signal. System parameters as is shown in table 1.
Table.1 Image communication system parameter settings
Parameter Value Parameter Value
Sampling frequency 44100Hz FFT points 2048
Start frequency 6000Hz Cyclic prefix 1764
End frequency 8000Hz Sub-carrier number 93
The sender of the data acquisition image size for 160 * 120, RGB color images. Each image data 
contains 57600 bytes and 40 bytes information head, encoded in JPEG2000 format is about 1400 bytes.
Figure 11 for transmission image, about 5 seconds to receive a pair of 160 * 120 RGB image, the actual 
effect is good, and compression is controllable. The experiment proved that the system can work normally, 
which can transmit real-time image.
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Figure.11 (a) Original image; (b) Received image
4. Conclusion
In this paper we mainly studied the key technologies for underwater image communication system. 
From results of experiment in underwater acoustic channel pool, underwater image communication 
system shows good performance in the underwater acoustic communication. We will extend a study about 
variety parameter such as compression ratio, a distance of sensor, bit rate etc.
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